brain, several studies have been published describing the neural substrates of species-typical behavior in birds (E.CJ., PHILLIPS, 1964 ; AKERMAN, Y966a & b; PUTKONEN, 1967) . All of these studies have, at least in part, dealt with the location of brain sites producing behavioral patterns of attack, defense, and escape. Much evidence is accumulating suggesting that the central organization of these response systems parallels the neuroanatomical organization of comparable response patterns in mammals (see PUTKONEN, 1967 for a review) .
In preparation for studies of behavioral communication in the Mallard (Anas platyrhynchos) a series of electrical brain stimulation experiments were undertaken to find sites producing species-typical behavior patterns. In addition, studies were made of the effects of variations of selected aspects of the environment on the electrically elicited patterns. The present paper reports the results of experiments dealing with attack, threat, and escape behaviors.
MATERIALS AND METHODS
Subjects.
Twenty-five male and 27 female adult Mallard ducks weighing between one and two kg. were used as experimental animals. The birds were obtained from a local game farm.
Surgery.
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at the level of the interaural axis. The skull was exposed through a midline incision and an area of about 3-5 cm2 was scraped free of periosteum and dried. Small holes were then drilled for the electrodes which were implanted stereotaxically with the aid of an atlas constructed for this study.
Electrodes were constructed from insulated stainless steel wire 0.13 tnm in diameter. The tips were scraped bare of insulation for 0.5 mm and the wires cemented together in bundles of five with the tips separated i mm vertically. Individual wires were soldered to pins placed in a miniature socket and permanently mounted on the skull with stainless steel screws and acrylic cement. The indifferent electrode was a 0.13 mm uninsulated stainless steel wire that was either soldered to one of the skull screws or formed in a loop and tucked under the skin sutured around the socket. Each bird was implanted with two or three bundles of electrodes and allowed to recover for one week before testing.
Apparatus.
A Harvard stimulator provided unidirectional square waves of 0.5 ms duration, and a frequency of row Hz was used on all stimulation trials. Current was monitored by amplifying the potential drop across a series ioo ohm resistor. Stimulation was monopolar ; the current was conducted to the animals through light wire leads suspended overhead.
The birds were initially tested in a 5' X 5' X 5' observation pen and viewed through a 12" X 18" one-way glass window. A fan provided some masking of extraneous noise. The floor of the pen was covered with wood shavings. One corner of the pen contained a covered shelter box 18" high, and the entrance to the box was partially blocked by a row of green plastic reeds. The observer could see directly into the box from the viewing window. A 12" X 18" mirror, food, and water containers were mounted on the walls.
A second pen of the same size contained a small plastic pool 3' in diameter and i' deep. This pen was used for further testing. A one-way glass viewing window was mounted in one wall of the pen.
All birds were tested both alone and in the presence of unstimulated companions. In addition, systematic variation of the environment was done for those sites in which the behaviors involved interaction with specific objects or companions. Sex and dominance of the companion were varied for sites producing aggressive behavior, and access to various parts of the environment, such as the mirror or hiding box, was varied for sites producing escape and hiding responses. Pool testing was routine for all sites except those producing circus movetnents or gross motor responses. Each site was stimulated at least five times during a single testing session and testing was repeated over several days. The duration of the stimulus train varied from a few seconds to one or two minutes depending on the behavior elicited. Thresholds were determined by gradually increasing current levels and noting the points at which the behaviors occurred. Only those behaviors reliably elicited at a given site were considered to be characteristic of the site. Written records of the observations were made during the stimulation trials and movies were taken of those reactions which were considered to be typical examples of the response categories discussed below.
Anatomy.
At the end of the testing procedures, the birds were anesthetized. The top and bottom electrodes in each bundle were electrolytically marked with 0.5 ma of direct current for five seconds. The birds were sacrificed and the brain perfused through the carotid arteries with saline and 2% potassium ferrocyanide in io% buffered formalin. The heads were placed in ro% formalin until fixed. A reference cut was made in the electrode plane to guide sectioning, the brain was extracted, and the tissue blocks were imbedded in albumin. Frozen sections were cut every 35 ? and alternate unstained and cresyl violet stained sections were mounted on slides.
